Purpose: The incidence of cardiac morbidity and mortality in patients who undergo carotid surgery ranges from 0.7% to 7.1%, but it still represents almost 50% of all perioperative complications. Because no data are available in literature about the impact of the anesthetic technique on such complications, a prospective randomized monocentric study was undertaken to evaluate the role of local anesthesia (LA) and general anesthesia (GA) on cardiac outcome. Methods: From November 1995 to February 1998, 107 patients were classified by the cardiologist as cardiac patients (IHD; history of myocardial infarction, previous myocardial revascularization procedures, or myocardial ischemia documented by means of positive electrocardiogram [ECG] stress test results) or noncardiac patients (NIHD; no history of chest pain or negative results for an ECG stress test). The patients were operated on after the randomization for the type of anesthesia (general or local). Continuous computerized 12-lead ECG was performed during the operative procedure and 24 hours postoperatively. The end points of the study were ECG modifications (upsloping or downsloping more than 2 mm) of the sinus tachycardia (ST) segment. Results: Fifty-five patients were classified as IHD, and 52 were classified as NIHD. Twenty-seven of the 55 IHD patients (49%) and 24 of 52 NIHD patients (46%) were operated on under GA. Thirty-six episodes of myocardial ischemia occurred in 22 patients (20.5%). Episodes were slightly more frequent (58%) and longer in the postoperative period (intraoperative, 10 ± 5 min; postoperative, 60 ± 45 min; P < .001). As expected, the prevalence of myocardial ischemia was higher in the group of cardiac patients than in noncardiac group (15 of 55 patients [27%] vs 7 of 52 patients [13%]; P < .02). By comparing the two anesthetic techniques in the overall population, we found a similar prevalence of patients who had myocardial ischemia (GA, 12 of 52 [23%]; LA, 10 of 55 [18%]; P = not significant) and a similar number of ischemic episodes per patient (GA, 1.5 ± 0.4; LA, 1.8 ± 0.6; P = not significant). Episodes of myocardial ischemia were similarly distributed in intraoperative and postoperative periods in both groups. It is relevant that under GA, IHD patients represent most of the population who suffered myocardial ischemia (83%). On the contrary, in the group of patients operated on under LA, the prevalence was equally distributed in the two subpopulations.
In the past 10 years, there has been a remarkable reduction in the rates of perioperative complications in patients undergoing carotid endarterectomy (CEA). This achievement derives mainly from more appropriate selection of patients, more advanced surgical techniques, increasingly effective cerebral monitoring procedures, the introduction of intraoperative quality controls on vascular reconstruction, and improved anaesthetic techniques. [1] [2] [3] [4] [5] [6] [7] [8] In contrast to the lower neurological morbidity and mortality rates, cardiac complications have not declined. Cardiac events (myocardial ischemia, fatal or nonfatal myocardial infarction, and sudden cardiac death) now account for half of all complications occurring during surgery or in the immediate postoperative period. [8] [9] [10] [11] Suggestions that strict control and manipulation of systemic arterial pressure might have a role in preventing perioperative myocardial ischemic events did not reduce the incidence of cardiac complications. [11] [12] [13] [14] Attention has also focused on the importance of anesthetic techniques, but two published studies addressing this specific question have yielded unclear or contradictory results. 13, 14 In a recent retrospective review of our experience, an explanation of reduction of neurologic mortality and morbidity was easily found (better cerebral monitoring by cervical block certainty, certainty of the causes of the complications, which determined changes in operative techniques). On the contrary, in the same study, a detailed analysis of data in our patient population failed to explain a 50% reduction in the cardiac morbidity and mortality in those patients operated on under cervical block anesthesia with similar cardiac conditions. 15 A review of the literature on perioperative cardiac complications in carotid surgery, with special regard for the possible implications of the type of anesthesia on cardiac outcome, failed to find any study on this specific topic.
This single center, randomized prospective study attempts to assess the possible role of anesthetic techniques (GA and LA) in determining cardiac complications (intraoperative or perioperative cardiac ischemia) during CEA. were recruited for this study. Patients were excluded when they had clinical signs of congestive heart failure, severe valvular heart disease, unstable angina, or a left bundle branch block shown by means of a baseline ECG. After approval of the study by the local ethics committees, a prospective randomization of the type of anesthesia (general or locoregional) by means of casual numbers was prepared for each group of patients. Two patients were excluded after randomization and the operations were done under GA. A left bundle branch block developed the day of surgery in the first patient, who was receiving amiodarone therapy; the second patient had a sinus bradyarrhythmia, with the heart rate oscillating between 38 and 60 bpm. In both cases, the anesthesiologist considered the infiltration of LA to be dangerous.
PATIENTS
Therefore, 107 subjects remained in the study. Ninety-four of the patients were men (87.8%) and 13 were women; their ages ranged from 50 to 85 years (mean age, 69.8 years; median age, 70 years).
The demographic profile of the patient population, separated per type of anesthesia, is described in Table I .
All patients underwent noninvasive preoperative assessment of carotid-artery stenosis with color Doppler echocardiography (Diasonics, Spectraseries F 7117, Les Ulis, France).
Only 29 patients (27%) were submitted to digital angiography with the Seldinger technique. Indication for preoperative angiography was restricted to patients with nonlateralizing symptoms and/or occlusive disease of both carotid or vertebral arteries by means of noninvasive assessment.
Computed tomographic (CT) cranial scans were obtained in 82 patients (77%).
METHODS
Classification of ischemic heart disease. All patients underwent a routine cardiologic examination, including medical history, physical examination, resting ECG, and chest radiography. The presence of cardiac murmurs, ECG changes suggestive of myocardial infarction or left ventricular enlargement, was investigated by means of a two-dimensional echocardiography Doppler imaging examination. A bicycle stress or a dobutamine stress echocardiography was done in patients with chest pain. On the basis of the cardiologic examination, the entire population was divided in two groups: (1) the ischemic heart disease group (IHD) included patients with myocardial infarction, previous myocardial revascularization procedures, or myocardial ischemia documented by means of positive results of an ECG stress test performed on the basis of a history of typical angina; (2) the nonischemic heart disease (NIHD) group included patients without chest pain or negative results with an ECG stress test.
During the perioperative period, all patients with IHD were treated with transdermal nitrate patch (10 mg/24 hours). Oral medications were withheld the morning of surgery and restarted, when possible, the day after CEA. High blood pressure was treated with transdermal clonidine (0.1 or 0.2 mg/24 hours) and intravenous diuretics when indicated.
Type of anesthesia and intraoperative management. Anesthesia was managed by a vasculardedicated single staff. All patients were premedicated with oral diazepam (0.5 mg/kg). Monitoring included a V5 electrocardiographic lead, intra-arterial blood pressure, and pulse oximetry (Nellcor N 1000, Hayward, Calif).
Regional anesthesia. A superficial cervical block along the posterior border of the sternocleidomastoid muscle and local infiltration of neighboring areas were obtained with 15 to 20 mL of 0.25% bupivacaine. Deep cervical block was performed by injecting 7 to 10 mL of 0.25% bupivacaine near each transverse process of C2-C3-C4. The surgeon could supplement the block with 2% lidocaine by infiltration or by a splash on the carotid arteries. Optimal oxygenation by means of a nasal cannula was ensured through the entire procedure. Sedation was usually not required; only a few patients were treated with droperidol (0.03 mg/kg) and fentanyl (0.8 to 1.2 mg/kg) in case of pain, restlessness, or backache. The patients were frequently assessed for neurological changes and pain. Neurologic evaluation by toy-squeaker squeezing test was used for selective shunting during the cross clamping of the carotid artery. Before the indwelling shunt was inserted, sodium thiopenthal (1 to 1.5 mg/kg) was administered to avoid seizures other than those to reduce the whole brain oxygen demand. Shunt function was assessed clinically (reversion of neurological deficit occurred at cross-clamping).
General anesthesia. Endotracheal anesthesia was performed in 35 patients with alfentanil and a continuous intravenous infusion of propofol, whereas 20 patients received sodium thiopenthal, fentanyl, and isoflurane. Neuromuscular blockade was obtained with vecuronium bromide. All patients were ventilated in a N 2 O 2 (60% to 40%) inspiratory mixture to obtain a mild hypocarbia. Transcranial Doppler (TCD) imaging and a quantitative electroencephalogram (Datex ABM-100, Finland) were used to select the patients who did not compensate for the internal carotid crossclamping, as reported in previous papers. 16 Associate treatment. Special care was dedicated to arterial pressure control. All patients received intravenous nitroglycerine (0.25 to 3 mg/kg/min) when systolic arterial pressure exceeded 180 mm Hg, associated to pindolol (0.04 mg) in case of tachycardia (more than 100 bpm). Resistant hypertensive patients received a nitroprusside titration instead. At the end of the procedure, all patients with hypertension were treated with sublingual nifedipine (4 to 5 mg), intramuscular clonidine (0.15 mg), or both. During the carotid cross-clamping, previous upper systolic blood pressure limits were allowed to reach higher values (approximately 200 mm Hg). Arterial hypotension was contrasted with volume expansion, ephedrine (boluses of 5 mg, just in case of associated bradycardia), or norepinephrine (0.05 to 0.15 g/Kg/min). Special efforts were always made to avoid hypotension during carotid cross-clamping and hypertension at revascularization. The patients who were at risk of cerebral edema (previous cerebral infarct; all the shunted patients; tight internal carotid artery or stenosis and contralateral occlusion) received glycerol infusion (0.5 g/kg).
Intraoperative hemodynamic study. Systemic blood pressure was recorded from the anesthetic chart (every 5 minutes) from the beginning of the anesthetic procedure until discharge from the operating room. The means of the recorded data were compared between the two anesthetic techniques. Moreover, we recorded intraoperative main hemodynamic events. Events were defined as any hemodynamic change that generated a pharmacologic support, and they were divided into "hyperdynamic events," with an assumed increase in myocardial oxygen consumption (hypertension tachycardia), and "hypodynamic events," with an assumed risk of coronary hypoperfusion (hypotension, bradyarrythmias). The number of these events was also compared in the different groups of this study.
Electrocardiogram monitoring. In all patients, the sinus tachycardia (ST) segment was continuously monitored throughout CEA and for 24 hours afterward by means of a computerized 12-lead electrocardiographic system (STM Mortara Instrument Europe, Bologna, Italy). This system automatically acquires a 12-lead ECG every 20 seconds, digitizes it, and compares it with the patient's own baseline ECG for ST segment changes over time in any leads. 18 Chest electrodes were placed in the standard precordial position, and the fourth leads limb was placed on the bony clavicles and iliac crest to stabilize baseline.
ST segment shift was evaluated at 60 msec from j point, a shift more than 150 µV in two leads or more than 200 µV in 1 lead, relative to a baseline ECG, was considered a sign of myocardial ischemia.
Statistical analysis. Results are expressed with descriptive statistics: mean ± SD. Differences between cardiac and noncardiac groups and between LA and GA were assessed for statistical significance by means of chi-square statistics and Wilcoxon signed rank test. A P value less than .05 was considered to indicate statistical significance.
RESULTS
Classification of ischemic heart disease and allocation to the type of anesthesia. The 107 patients were divided in two groups: 55 patients with IHD (IHD group) and 52 patients who did not have clinical or ECG evidence of IHD (NIHD group). In the first group, all patients were in New York Health Association class I or II, and when present, angina slightly limited ordinary activity (Canadian Cardiovascular Society classes I to II).
In the IHD group, 27 of 55 patients (49%) had surgery under LA, and 28 patients (51%) had surgery under GA, according to the randomization. In the NIHD group, 28 of 52 patients (53%) received LA, and 24 patients (47%) received GA.
In the two subgroups of type of anesthesia, there were no differences in risk factors, associated vascular disorders, myocardial infarction, angina, and previous myocardial revascularization (Table I) .
Intraoperative hemodynamic study. A statistically significant difference between the mean pressure in patients assigned to LA versus those receiving GA (107 ± 4 mm Hg vs 95 ± 7 mm Hg; P < .0001; Fig 1) was disclosed by means of continuous invasive intraoperative pressure monitoring.
Hemodynamic events during CEA occurred in 98 cases (91%). The cumulative number of intraoperative hemodynamic events was not statistically different between LA and GA (GA, 101; LA, 129; P = not significant), but the prevalence of hyperdynamic events was higher in the group receiving LA (LA, 108 [84%]; GA, 38 [37%]). On the contrary, the hypodynamic events were more frequent in GA than in LA (21 (16%) vs 63 (63%), respectively; P < .01; Fig 2) . When only the IHD group was considered, this general trend was also confirmed in this subpopulation of patients.
A Sundt shunt was placed in 11 patients (10.2%); 5 of the 11 patients had been assigned to cervicalblock anesthesia and showed neurological deficits at the clamping test. A shunt was also necessary in six patients receiving GA, because cerebral monitoring by means of TCD yielded significant flow reduction at cross-clamping.
Neurologic perioperative results. The neurological mortality rate was 0.9% (related in one patient to a perioperative carotid-artery thrombosis). The permanent neurological morbidity rate (monoplegia of left arm) was 0.9%. Both of these complications occurred in the patients operated on under GA. Two patients, operated on under LA, experienced transient ischemic attacks (monoparesis).
Electrocardiogram monitoring. The occurrence of 36 episodes of myocardial ischemia in 22 patients (20.5%) was shown by means of perioperative ECG monitoring. Episodes were slightly more frequent (58%) and longer in the postoperative period (intraoperative, 10 ± 5 min; postoperative, 60 ± 45 min; P < .001).
As expected, the prevalence of myocardial ischemia was higher in the IHD group than in the NIHD group (15 of 55 patients [27%] vs 7 of 52 patients [13%]; P < .02).
By comparing the two anesthetic techniques in the overall population, we found a similar prevalence of patients who had myocardial ischemia (GA, 12 of 52 [23%]; LA, 10 of 55 [18%]; P = not significant) and a similar number of ischemic episodes per patient (GA, 1.5 ± 0.4; LA, 1.8 ± 0.6; P = not significant).
It is relevant that under GA, IHD patients repre- 
Fig 2.
Percentage of hemodynamic events in the subpopulation of patients with ischemic heart disease (IHD), acccording to the two anesthetic groups; P > .01.
sent most of the population who had myocardial ischemia (83%). In contrast, in the group of patients operated under LA, the prevalence was equally distributed in the two subpopulations (Fig 3) . Cardiac events occurring after monitoring. Four patients had major cardiac events in the postoperative follow-up period. Two IHD patients had nonfatal myocardial infarction: one was operated on under GA, and the other was operated on under LA. Two patients died in the hospital. One patient with previous anterior myocardial infarction, who received general anesthesia, died on postoperative day 4. He had high frequency atrial fibrillation, pulmonary edema, and low cardiac output on postoperative day 3.
Another patient with IHD, who was allocated to the GA group, died suddenly on postoperative day 5, just before discharge. This patient, during monitoring, had several episodes of intraoperative cardiac ischemia. An autopsy was not performed, but because the death was sudden, it was highly suspected he had had a myocardial infarction.
Minor cardiac events occurred in two patients. One patient in the IHD group who received GA and one patient in the NIHD group who received LA had atrial fibrillation on postoperative day 2 and postoperative day 3, respectively. The arrhythmia was converted to sinus rhythm in both cases, with intravenous propafenone and without hemodynamic instability.
DISCUSSION
As early as 1984, in a coronary angiographic study conducted on 1000 patients hospitalized for peripheral revascularization procedures, Hertzer et al 9 specified that only 9% of the patients had an intact coronary tree. Moreover, recently it has been reported that patients scheduled for peripheral vascular surgery show ST depression or angina or asymptomatic or symptomatic myocardial infarction up to 30% of the cases. 11, 13, 17, [19] [20] [21] [22] Because CEA is the most practiced vascular operation, these data can easily explain why, in the patients scheduled for CEA, postoperative cardiac morbidity and mortality rates have remained practically unchanged, while, at the same time, the perioperative neurological complication rate has been significantly reduced.
Specifically, an unresolved topic is the impact of different anesthetic techniques on early cardiac morbidity and mortality rates. In recent years, some authors, by using retrospective studies, have hypothesized that LA is superior to GA. Allen 23 reported fewer perioperative cardiopulmonary complications with LA. GA was related to a greater blood pressure instability that could have precipitated acute myocardial ischemia in patients with IHD.
On the other hand, during LA, the patient is exposed to stress and pain, resulting in an increased risk of myocardial ischemia. 13, [23] [24] [25] In a retrospective study of a 10-year experience of CEA, we noted a lower incidence (50% reduction) of perioperative cardiac complications during LA than during GA. 15 Yet, because recent studies emphasized the importance of perioperative myocardial ischemic burden as a predictor of early cardiac morbidity and mortality, 19, 20 we carried on this randomized trial.
In our population, the overall prevalence of transient myocardial ischemia was 20.5%, slightly lower than in other studies. [19] [20] [21] Differences in study population and perioperative drug treatment can account for this result.
In literature, the range of rate of perioperative myocardial ischemia is large and dependent on the prevalence of patients with known IHD. In a paper by Landersberg and Coll, 19 the authors studied a population from two different institutions that underwent major vascular surgery. The two populations had a different prevalence of IHD (50.2% and 33%), with a very different rate of ischemic events (55.9% and 20%, respectively). Thus, in our study, it is not surprising that patients with IHD had a prevalence of ischemic episodes that was twice that of patients without history of IHD.
By analyzing the prevalence of myocardial ischemia in relation to the anesthetic procedure, we did not find any difference between patients who received LA and patients who received GA, but in considering the highrisk subgroup (IHD) separately, we found a significant trend toward a higher rate of myocardial ischemia in patients allocated to the GA group (Fig 3) . This trend is confirmed by means of the analysis of postoperative major cardiac events, which showed how three of four events occurred in IHD patients who received GA. These results are in agreement with our previous retrospective study 15 and those of others. 25, 26 Thus, the evidence suggests that LA is at least equal to, if not better than, GA in high-risk patients.
We failed to correlate the relationship between episodes of intraoperative myocardial ischemia to the number and kind of intraoperative hemodynamic events. The total number of intraoperative hemodynamic events (ie, the number of specific pharmacological interventions) was similar between GA and LA, but hyperdynamic events were more frequent in the LA group, whereas hypodynamic events were mainly correlated to GA (Fig 2) . Thus, it seems likely that, in the former situation, the increase of myocardial oxygen consumption could have triggered myocardial ischemia in the IHD subpopulation of patients and in the NIHD group. On the contrary, hypodynamic events causing coronary hypoperfusion and the use of powerful vasoactive drugs, occurring more frequently under GA, could trigger myocardial ischemia in the IHD group.
CONCLUSION
The results of this prospective study confirm the different hemodynamic impact of the two anesthetic techniques.
In the high-risk group (IHD), despite more hyperdynamic episodes, patients who had LA had a rate of myocardial ischemia that was half that of patients who received GA. The small number of cardiac complications do not permit us to make any definitive conclusion about the impact of the two anesthetic techniques on early cardiac morbidity, but the well-known relationship between perioperative ischemic burden and major cardiac events 19, 20, 22 suggests that LA can be used safely, even in high-risk patients who undergo CEA.
Our results, according to the literature, suggest that the problem of perioperative myocardial ischemia during CEA is strongly related to the patient status and to the quality of intensive care.
The use of a 12-lead ECG monitoring system with real-time ST segment analysis permits early diagnosis of postoperative myocardial ischemia and the prompt treatment of this major predictor of death in these patients.
